The aim of the present study was to establish an evidence-based effective prediction model for improving the accuracy and priority for undertaking coronary angiography.
Currently, the decision to conduct coronary angiography is made according to the treadmill exercise ECG test results and nuclear myocardial perfusion scanning, however, the present normal or near-normal rate of coronary angiography, which ranges from 20 to 24%, clearly requires improvement. 3, 4) This necessitates the establishment of an evidence-based effective prediction model. The first step is the assessment of the risk factors of CHD, including variables such as hypertension, sex, age, lipid profile, physical inactivity, smoking, diabetes, family history of cardiovascular disease, and obesity. These variables have been identified by numerous studies, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] however, because of their reliance on regression models, they are limited in their application to current studies. There are two main reasons for this.
1. Variables developed from the CHD database are generally classified as categorical data; using regression models for the identification of the predictors of outcomes for CHD is therefore less than ideal.
2. Usually, regression models assume that the effects of the independent variables are linear and additive. This assumption obviously does not hold true in the research of CHD, where interactions among categorical variables are common. For example, the interaction between sex and age for CHD patients has been revealed in a previous study. 16) Although we used the risk factors from previous studies as independent variables, we moved beyond those studies by ensuring that interactions were taken into account. By using a tree diagram to estimate the chances of developing cardiovascular disease for each homogenous group, it is hoped the accuracy of decisions concerning coronary angiography can be increased and its inappropriate use decreased.
METHODS

Study design:
This study is a prospective study. The data for our analysis came from the coronary angiography claim forms provided by the National Health Insurance Bureau in Taichung, Taiwan, submitted between January and December of 2002. The data include hospital name, sex, date of birth, patient ID, ID number, insurance ID, ICD9 code, clinical diagnosis, reason for coronary angiography, cholesterol level, smoking history, family history of cardiovascular disease, level of physical activity, doctor ID, and date. The presence of diabetes, obesity, and/or hypertension was also recorded on the form. The medical record can be retrieved if there are any data missing from the form. The inclusion criteria were: (1) clinical evidence of angina pectoris, and (2) having tested positive in a treadmill exercise test or nuclear myocardial perfusion scan. Data were excluded if (1) missing data could not be obtained from medical records, or (2) The outcome variable will be dichotomized into "insignificant" and "significant" depending on the results of coronary angiography (at least one vessel showing more than 50% stenosis according to quantitative coronary angiography (QCA) is defined as "significant"); any result other than significant will be assigned to the "insignificant" category. Independent variables: In this study, the characteristics of suspected patients included as independent variables were chosen according to the following rules: they must (1) appear general enough to include the wide range of patient factors of interest, (2) show no overlap, and (3) have at least some theoretical basis. The measures used to operationalize the variables are listed in Table I . Statistical analysis: Univariate statistics were used to describe the distribution in age, sex, obesity, smoking, family history, hypertension, cholesterol level, level of physical activity, and diabetes.
Exhaustive chi-square automatic interaction detection (CHAID) was utilized to identify the risk factors of CHD for use in establishing the prediction model. CHAID, developed by Kass, 17) is a highly efficient, multivariate, statistical technique for segmentation or tree growing. Used as a criterion for the signif- (dissimilar) . It then selects the best predictor variable to form the first branch in the decision tree, so that each node is made up of groups of homogeneous values of the selected variable. This process continues repeatedly until the tree is complete. With CHAID, the chi-square test is used to determine significance when the dependent variable is categorical, and the F test is used when it is continuous.
Exhaustive CHAID, a modification developed by Biggs, et al 18) was designed to address some of the weaknesses of the CHAID method. In particular, CHAID occasionally fails to find the optimal split for a variable, since it ceases to merge categories as soon as it discovers that all those remaining are statistically different. Exhaustive CHAID remedies this by continuing to merge categories of the predictor variable until only two super categories remain. Examining the series of mergers for the predictor yields the set of categories that gives the strongest association with the target variable, and computes an adjusted P value for that association. Exhaustive CHAID can therefore obtain the best split for each predictor, and then choose which predictor to split on by comparing the adjusted P value. This makes exhaustive CHAID an efficient statistical method for eliminating the interactions between variables, which undermine the results of current studies.
CHAID has already been successfully implemented in several previous studies. Huang, et al, for example, employed it to identify the characteristics of people who were vulnerable to mental problems. 19) This study proves that CHAID can effectively reduce the complexities of large datasets to much simpler sets of relationships between handfuls of important predictors. 20) Finally, the sensitivity, specificity, and positive predicted value were calculated to compare with both the treadmill exercise ECG test and the nuclear myocardial perfusion scan values according to a misclassification matrix table. The misclassification matrix could give the estimated risk of misclassification made using the tree. Each case in the cell of the table was classified into one of the two categories according to a predetermined rule. If the percentage appearing at the end-level node of the tree is above 50%, then all the cases in that node will be predicted as having coronary artery disease (CAD). Otherwise, these patients will be classified as without CAD. Take node 1 of the tree (Figure) as an example. As can be seen, if the percentage is above 50%, then all 174 cases in this node are predicted as having CAD. However, only 95% of the cases (166) are diagnosed as having CAD while the rest 5% (8) Table II .
True-positive True-positive false-positive Figure. The tree diagram from CHAID shows that the probabilities of developing significant CHD for suspected patients ranged from as high as 95.4% to as low as 13.0%. Of the 2002 suspected patients, 69.5% were significant and 30.5% were insignificant. Gender, hypertension, diabetes, physical inactivity, and age were chosen as predictors of developing significant CHD, with the strongest of these predictors being male gender. This choice was made according to the probability of developing significant CHD being 76.7% for males and 58.1% for females, demonstrating the increased vulnerability of males to significant CHD. Further segmentation revealed that, within the male group, hypertension was the most important factor followed by diabetes. Those with hypertension had an 82.1% probability of developing significant CHD, compared with 63.0% for those without. Patients with hypertension had an increased probability of developing significant CHD ranging from 78.4% without diabetes to 90.4% with diabetes. Physical inactivity also played an important role in males with hypertension, but only affected those with diabetes. Physically inactive male patients with suspected hypertension and diabetes had the highest probability of developing significant CHD (95.4%), as compared with a lower 81.4% for physically active patients. Focusing on the female group, we found age to be the next most significant variable, with the chances of developing significant CHD varying according to the following age groups: under 49: 13.0%, between 49 and 64: 46.1%, and older than 64: 70.4%. In further segmentation for females aged between 49 and 64, those with diabetes had a 72.5% chance compared with 35.6% for those without. Physical inactivity produced a further variable for females over 64 years old; 81.2% for physically inactive patients and 57.4% for physically active ones. Finally, the highest risk female group (94.7%) consisted of those who were above 64, physically inactive, and suffering from diabetes. Without diabetes the probability dropped to 75.0%.
Ten homogeneous groups were obtained, with the probabilities of developing significant CHD ranging from as high as 95.4% to as low as 13.0%. Table III summarizes the risk factors and probabilities for each group. Sensitivity, specificity, and true positive predictive value: The misclassification matrix model is shown in Table IV . The sensitivity, specificity, and predictive accuracy of the exhaustive CHAID model are 92.0%, 35.4%, and 76.5%, respectively. 
DISCUSSION
Coronary angiography is both a highly utilized technique and an invasive diagnostic procedure, making the presence of a high false positive rate enormously expensive as well as potentially disastrous. Among our samples, 30.5% received an insignificant result (normal or near-normal). A previous study reported a rate of 20 to 24%. 3, 4) This clearly demonstrates the necessity of establishing an evidence-based prediction model. Our study found a significant variation across homogeneous groups in a large regional analysis of patients with suspected CHD, indicating that the model established in this study is a useful prediction model for prescribing coronary angiography. Some important findings are as follows.
1. As previously reported, the probability of developing significant CHD varied according to risk factors such as sex, hypertension, diabetes, age, and level of physical activity. Our study, however, goes further in its examination of the influence of interactions among patient characteristics on the outcome of coronary angiography. For example, MacMahon, et al 9) established that hypertension could be a predictor variable. This is confirmed by the present study but qualified with the addition that hypertension only has an impact on the probability of developing significant CHD for males. As opposed to hypertension, age only affects the probability of developing significant CHD for females. In addition, Barrett-Connor 11) found that patients with diabetes had a greater likelihood of developing CHD than patients without diabetes. Again, our research concurs, but adds that this probability differs according to its interaction with sex, level of physical activity, and age. This is demonstrated clearly by, for example, males with severe hypertension and diabetes having a 90.4% chance of developing significant CHD, physically inactive females with diabetes having a 94.7% chance, and middle-aged females suffering from diabetes having only a 72.5% chance.
2. By taking into account the interactions among variables, our study produced 10 homogeneous groups from the analysis of CHAID, with the probabilities for each group ranging from 13.0% to 95.4%. Although all suspected patients have positive results from treadmill exercise testing or nuclear myocardial perfusion scanning, the actual probability of developing significant CHD differs dramatically according to the predictor variables.
3. Our study reveals numerous interactions among categorical data. For example, age only has an impact on the probability of developing significant CHD for suspected female patients, in contrast to hypertension which only has an impact in males. Although physical inactivity has an impact in both males and females, the degree differs depending on the specific variables. For example, diabetes increases the probability of developing significant CHD from 78.4 to 90.4% for male patients with hypertension, while it increases the probability from 75.0 to 94.7% for physically inactive females. This propensity for interactions between variables has only been highlighted by one previous study. 21) 4. The sensitivity, specificity, and positive predictive value of our study are 92.0%, 35.4%, and 76.5%, respectively. The sensitivity and specificity of the exercise treadmill test in the diagnosis of CHD have been reported to be 58% to 82% and 57% to 95%, respectively. [22] [23] [24] [25] The high sensitivity rate is strong evidence that the diagnostic accuracy of our study is at least as high as the treadmill exercise test. However, the low specificity rate is due to over 90% of our study population yielding a positive finding in the treadmill exercise ECG test or nuclear myocardial perfusion scanning.
5. A previous study has shown that premenopausal females younger than 49 have a significantly reduced chance of developing significant CHD in comparison with those older than 49.
26) The probability obtained in the present study was 13.0%, confirming this finding.
6. Schnohr, et al found that smoking was a significant risk factor, 27) however, our study has not confirmed this finding. The most probable reason for this is that only one independent variable can show a significant result. The previous study was done in Denmark, while the present study was conducted in Taiwan, where only a fraction of the smoking population is female. Therefore the significant result may have originated in gender rather than smoking.
7. To compare CHAID with common statistical techniques, we conducted logistic regression using the same dataset with the angiography result being the dependent variable and others being independent variables. Both models produced similar results. Except for a family history of cardiovascular disease and smoking, which are statistically significant only in the logistic regression model, gender, age, hypertension, diabetes, and physical inactivity are statistically significant predictors in both models. However, in contrast to logistic regression, CHAID demonstrates the interactions among independent variables. For example, the results of CHAID from this study show that hypertension is a statistically significant predictor for male patients, but not statistically significant for female patients. In terms of the accuracy of prediction, the CHAID result is more concordant with data than that of logistic regression. For example, among 76 older female (aged more than 64 years) patients with diabetes and a low level of physical activity, 72 (94.7%) were diagnosed as having CHD. A forecasting model developed from forward stepwise logistic regression shows only an 80% probability of having CHD. Implications: The findings of this study have important implications for the established prediction model that directs the decisions concerning the use of coronary angiography as well as prioritizing the patients who will undergo the pro-cedure. Previous studies have revealed that waiting time is associated with the outcome. 28, 29) Sampalis, et al found that immediately before coronary artery bypass surgery, those who had waited longer than 97 days had significantly reduced physical functioning compared with patients who had waited 97 days or less. 30) Assuming the inevitability of a period of waiting, our study can assist health care workers to prioritize suspected CHD patients who need coronary angiography, in other words, patients with a high risk having priority over those at a low risk.
Although the model established in the current study has good sensitivity, specificity, and positive predictive values, we recommend against physicians using them to replace the treadmill exercise test or nuclear myocardial perfusion scanning without further cross-validation. It must be remembered that high normal and near-normal rates of treadmill exercise testing increase significantly the cost of coronary angiography. The evidence-based tree diagram in this current study can also assist physicians to enhance the accuracy of a diagnosis to reduce expenses.
CHAID has been proven to be an effective analytic technique for eliminating interactions among categorical variables, although it has not been adopted in previous studies of the risk factors of coronary artery disease. Our research is consequently a pioneering study utilizing this method to establish a prediction model for coronary angiography. The present study has demonstrated its validity for use on large datasets by discovering numerous interactions missed by previous studies.
Disease management has been successfully advocated to reduce health care expenses in several countries within the OECD. The key to success in disease management is the identification and targeting of high utilization groups according to risk factors. Our tree diagram can provide the necessary information needed for such a process. In addition, the current evidence-based model could provide managers and policy-makers with a serious advantage in their efforts to reduce unnecessary care.
As mentioned above, females younger than 49 have only a 13.0% chance of developing significant CHD. This has significant implications for a physician's risk assessments prior to coronary angiography. When assessing a female younger than 49, clinicians should only prescribe coronary angiography once they have established the presence of additional, higher risk factors. Limitations: In interpreting our findings, two limitations must be acknowledged. First, although we included all the variables mentioned in previous studies into our research, our findings may still be affected by not including universal variables; future studies could, therefore, expand on the variables taken into account. Second, all cases in this study are collected from the claim dataset of the National
